Drought remains the most frequent and serious environmental threat in the Middle East area. In Yemen, drought has negatively been affecting both livelihood and sustainable development of the country. This research aims to monitoring and assessing the drought risk through the changes in vegetation cover and sand dunes deposit in Tihama Plain, Yemen using remote sensing and GIS. Landsat TM5 of 1985 and OLI8 of 2015 were used to evaluate the environmental indicators of drought using Normalized Difference Vegetation Index (NDVI) to recognize the progressive decline of vegetation based on the fact that vegetation absorbs red light and reflects infrared light of the electromagnetic spectrum. Through the index maps generated in a Geographic Information Systems (GIS) environment, the results showed that there was an increase of 26% in the area under severe drought during the period from 1985 to 2015. Similarly, the areas under moderate drought also increased to approximately 64%. On the other hand, areas under mild drought and those receiving normal rain experienced a decrease during the period as they gradually transformed into mild and severe drought situations. Within the study period, the area also recorded 74% increase in sand dunes deposit.
Introduction
Drought is one of the greatest destructive natural dangers for human, environmental and economic terms; it leads to water and food crisis, famines, human exodus, loss of human life, land degradation and low productivity of agricultural crops (1) . Moreover, drought causes yearly a rate of $6-8 billion of universal losses by natural catastrophes, and drought affects the livelihood of a large number of people more than the effect of any other type of natural disasters. These include humanitarian disasters, economic losses, and stresses on natural ecosystems across the globe (2) . In addition to political and societal effects especially, in less economically developed nations that have limited adaptive capacity (3) . For instance, between 1991-92, affected nearly 20 million of the population of South Africa as a result of the deficit in grain production due to drought, the deficit amounted to more than 6.7 million tons (4) .
In many Arab countries, droughts have become a more frequent and a serious bluster to humanitarian safety. Over the last three decades, nearly 50 million people have been affected in the Arab region by climatic disasters events, with losses estimated at $11.5 billion (5). It is a very hazardous problem which will increase causing serious threat on various aspects of life including humanitarian disasters, economic losses, and stresses on natural ecosystems (6) .
Over the last thirty years, Yemen experienced four periods of drought, 1979-1981, 1983-1984, 1990-1991, 2007-2009 (7-9) caused a lot of damages on Yemeni economy, which largely relies on agri-cultural resources. According to the Ministry of Agriculture (2009), almost 73.5% of the population lives in rural areas and works in the agricultural sector, and thus significantly depends on appropriate weather conditions to their livelihoods. According to (10) , the period of drought 1990-1991 was the worst in the modern history of Yemen because this period of drought synchronized with the Gulf war in 1991, which forced nearly 800,000 Yemeni workers to return to Yemen. Hence, workers' remittances decreased, leading to economic growth retreat, and growing the inflation rate and foreign debt, because of these negative effects decreased the possibility of Yemen to cope drought and mitigation.
During that period of drought, agricultural production reduced severely, economic growth has been affected due to the low agricultural production contribution in the gross domestic product. For instance, irrigated agriculture such as vegetables registered a decline in production by 16%, as cereals yields dropped sharply, where production decreased both of millet, sorghum and barley by 33%, 34%, and 38% respectively. As for livestock have witnessed a marked decrease by 11% as a result of the lack of pasture and forage due to drought (10) . While that about 43% of the population living below the poverty line, according to the estimates of 2009. It is expected to increase the number of hungry people in Yemen between 80,000 -270,000 people by 2050 (11) , because of the severity of frequency of droughts and changing climate.
To the best knowledge of the researcher, there is no scientific study on drought in Yemen, as well as the lack of numbers that accurately describe how the drought affects the Yemenis (8, 12, 13) . However, there is information about the drought in Yemen found in non-local studies. These studies did not provide sufficient information on the drought in Yemen, they also did not address the drought indicators, through which on the duration, intensity and frequency of droughts in Yemen can be identified. What is reported in those studies is just general information, where no details about the causes, effects, and severity of drought in Yemen could touched. Therefore, the current study tries to bridge such a gap and as a first step to highlight the drought conditions in Yemen, as an attempt to ring the alarm bell to alert the dangers left behind by this serious phenomenon on the environment, economy and society.
This study will focus on the changes in vegetation cover (NDVI) and creeping of sand dunes to assess the drought risk in Tihama plain using remote sensing and GIS. By the fact that the study area is the most important agricultural areas in the country, it is necessary to study the changes in environmental indicators to know the drought conditions in the region. Therefore, two types of environmental indicators will be used, which have a close and direct relationship with drought; these indicators are vegetation cover and sand dunes.
Literature Review
Drought is admittedly environmental hazard and attracted the attention of a lot of environmentalists, ecologists, meteorologists, hydrologists, and agricultural scientists (14) . However, a lot of confusion remains there about the characteristics of drought due to the lack of exact and universally accepted definition. Therefore, many definitions for drought have been submitted according to the fields of interest (15) . Additionally, there are several classifications developed for droughts most of which are characterized as meteorological drought, hydrological drought, agricultural drought and socio-economic drought. Realistically, definitions of drought must be region, application, or impact specific. This is one explication for tens of definitions that have been advanced for drought (16) . Drought is the most complex of all natural hazards, despite the attempts at unification, several definitions of drought continue to be employed (17) . For instance, (18) defined drought as a sustained period of time without significant rainfall. While (19) described drought is "a period of more than some particular number of days with precipitation less than some specified small amount (p.2). (20) defined drought as the occasional and recurring situation with a strong reduction compared to the normal values of water availability for a significant period of time and over a wide area. Similarly, it is defined by (21) as a recurrent feature of climate that is characterized by temporary water shortages relative to normal supply, over an extended period a season, year, or several years, in a wide region.
Drought is commonly classified into; meteorological, agricultural, hydrological and socioeconomic droughts (22) . Meteorologi-cal drought is a more common and natural event, whereas agricultural, hydrological and socioeconomic droughts emphasize more the human or social aspects (23) . The sequence begins with meteorological drought; persistent, dry conditions may induce agricultural, hydrological and water resources droughts (24, 25) .
Drought Globally
Drought has a major effect on cultivation in terms of decreases in economic activity, agricultural productivity and drinking water stock in life-threatening cases that has controlled the famine (26) . The International Board on Climate Change has noted that the yearly average of waterway overflow and water disposal are projected to decline by 10% -13% over certain waterless and semiarid areas in normal and low-slung opportunities, snowballing the occurrence, strength, and duration of drought, along with its related impacts (27) . Inopportunely many nations do not have satisfactory incomes deliver an early warning but need external funding to provide the essential early threatening evidence for risk management (28) . Therefore, in an organized world, the essential for data on a global measure is critical for accepting the view of the failures in agricultural production, food safety, possible for civil battle and connected impacts on food prices (29) . Globally, given the expectation related to the universal climate change, might result from increasing drought problem. Kogan (30) conducted identify drought in order to knowledge comprehensive on the drought impacts in North America, Europe, and Australia, particularly for some region with the mainland affected by drought. Allowing to the historical viewpoint by examining how the drought has varied over several regions of the world during the last millennium. Miyan (8) his study showed that many people impacted by the natural disaster in developed countries. They lost their economy and life from a natural disaster. One of the reasons behind natural disaster is drought. As reported, that the developing countries have more effect from natural disaster compared to the developed countries.
According to (31) , severe droughts affected vast regions of Asia, with Western India, Southern and Central Pakistan. The Asian regions have been among the continual drought-prone regions of the world. Afghanistan, India, Pakistan and Sri Lanka have described droughts at least once in each three-year period in the past five periods. In 2012, Pakistan confirmed emergency in provinces Mirpur Khas and Tharparkar districts are in severe drought and many people had to be migrated (32) . One of the important doubts with respect to rotation and rainfall with the present understanding of climate change in the monsoon regions remains. Therefore, in Asia has this drought problem until facing those societies. They have implemented the project. However, unable to satisfy of projects until suddenly change climate and water cycle (33).
2.2
Drought in West Asia and North Africa (WA/NA)
The drought has an increasingly common and major effect on human security located in arid areas of West Asia and North Africa (34) . According to the Epidemiology and Centre of Research, the percentage of the population affected by drought 51% of all other disasters combined. This circumstance illustrates the severity of concern of drought. The WA/NA is the most affected region 83% in the world of the people in this area is unnatural by drought (35) . The West Asia/North Africa region is severely vulnerable to natural disasters such as, droughts, floods, earthquakes, heat waves and sandstorms, which leads to increased significantly economic and social losses because of the events of natural disasters (36) . During the past three decades, most of the Arab regions are severely vulnerable to natural disasters such as, droughts, floods, earthquakes, heat waves and sandstorms. During the past three decades, the Arab region has faced an increase in natural disasters events, which amounted to more than 276 disasters, killing 100,000, affecting 10 million and rendering nearly 1.5 million people homeless (37) . Thus, drought is considered the major disaster among of all other disasters where it affects around 38.09 million people (38) .
In addition to, Asia was associated with arid climate in 2000, because of drought, desertification, sandstorms and water scarcity. Agricultural zones were affected due to droughts which were estimated in rural and urban areas as more than 40 million hectares (14) . On the other hand, through food and water shortages, drought is also thought to have caused the displacement of one million envi-ronmental refugees in Niger is 1985 (39) and 5 million in the African Sahel in 1995 (40) . In 2000, in each of Sudan, Somalia and Kenya respectively 8, 6 and 3 million people who officially considered at hazard of famine, in addition to several million in other countries (41) . As for losses of human life, for example, 450,000 deaths in Ethiopia and Sudan in 1984 directly attributed to drought (42) .
In many Arab countries, droughts have become a more frequent and a serious bluster to humanitarian safety. It is a very hazardous problem, and will increase causing serious threat on various aspects of life, taking into account that most of the Arab states are suffering from frailty of their ecosystems, and facing intense risks of deterioration of vegetation cover, soil, and depletion of water resources on per day continuously. This is coupled with the rushing increase in population growth accompanied by an increase pressure on natural resources in this region (38) . As the number of population in Arab world 125 million in 1970 to exceed 280 million in 2000 and it is expected that up to more than 500 million in 2030, and hence many countries are already living under water stress conditions (43) . In addition to climate change, this is the major cause for the Arab region droughts. Climate models show that over the last 30 years temperatures in the Arab region have been increasing 50% faster than global averages. Climate changes will affects more than 340 million populations in the Arab zone. More than 100 million are poor and least able to resist these changes. Over the past three decades, nearly 50 million people were affected in the Arab region by climatic disasters events, with losses estimated at $11.5 billion (5).
Drought in Yemen
To the best knowledge of the researcher, there is no scientific study on drought in Yemen, as well as the lack of numbers that accurately describe how the drought affects the Yemenis (7-9). However, there is information about the drought in Yemen found in non-local studies. These studies did not provide sufficient information on the drought in Yemen, they also did not address the drought indicators, through which on the duration, intensity and frequency of droughts in Yemen can be identified. What is reported in those studies is just general information, where no details about the causes, effects, and severity of drought in Yemen could touched.
What makes the matter even worse, Yemen is the poorest and least-developed country among the whole countries of the Middle East. In the recent years, Yemen has suffered from changes in rainfall patterns, higher temperatures and increased frequency of droughts. For example, the drought which took place in 1990-1991 had a significant effect on the socio-economic situation in Yemen, resulting in wide agricultural losses and a serious increase in the number of poor households in rural zones, and low revenue contribution of the agricultural production in the gross domestic product of the country (12) .
According to U.S (7), Yemen climate was affected by drought during the periods 1967/69 and 1972/74, which led to a threefold increase in food imports, despite the increase in agricultural production after the end of the drought in 1971. In 1983 and 1984, the Yemen's economy dropped significantly, as a result of the drought that prevailed over most of the country over that period. The drought-reduced total output of grain by more than half in 1983, but food availability remained at the normal level, due to the increased grain imports from outside the country. Generally, in 1983-1984 Yemen's agriculture dropped remarkably due to the severe drought (44) .
Likewise, once again in 1990-91, the agricultural sector recorded substantial losses, because of the significant reduction in agricultural crops production and increased poverty in rural areas because of the drought (10) . In addition, in the same period, the drought had dangerous reflections on the food security of a large segment of the population. In general, many studies have found that there is a significant lack of understanding and awareness of the drought and its effect, as well as the capacity of mitigating it in Yemen (12) .
Additionally, there are a number of weaknesses in the drought management system in Yemen, including the lack of technical capacity to analyze drought data and processed, if any, difficulty to get data on drought, no a regional exchange of information on drought as there is no early warning system for drought monitoring (13) . The drought of the period from 2007-2009 was the most influential which seriously damaged the socio-economic development in Yemen. It has become a real disaster sweeping the most areas of the country, leaving behind many of negative damages on the econ-omy and society (8) . (45) clarified that due to the water scarcity and severity drought in Yemen, the per capita water resource does not exceed 195 cubic meters per year. It is considerably less than the water poverty line of 1000 cubic meters per year. "Due to the lack of research, there are no numbers that accurately describe how drought is affecting Yemenis" (8) . It has become a real disaster in Yemen. Due to the lack of studies, there are no specific numbers that accurately describe the drought in Yemen. Thus, we cannot know how drought affects the environment, economy, and society in Yemen.
Drought in the Study Area
A quite number of studies were carried out in the study area, some of these studies addressed Yemen in general, including the Tihama plain (study area), and some other of these studies addressed parts of the study area such as Hodiedah Governorate and a number of valleys in the study area. Those studies were from a variety of geographical, geological and hydrological topics. Some of those studies addressed the drought from different aspects and in a simple way, however, to the best knowledge of the researcher, there is no detailed and complete study of the drought in Yemen in general and the study area (Tihama plain) in particular. The researcher could not find an integrated study about the drought in the study area. However, there is some simple information about the drought have been found in studies that talked about the study area from other perspectives. That information does not give a detailed description and accurate results about the drought, which can be relied upon in drought monitoring and mitigation in the study area. In addition, reports and news under natural or human headlines introduced some basic information on this issue which was not considered as completed investigation.
In Tihama plain, drought is one of the factors affecting soil formation and characteristics of vegetation, where the plants take thistles form and short weeds to be able to resistance drought. For example, the permanent drought which dominates the western part of the study area is not allowed to grow a good vegetarian cover with the exception of some plants which are capable of withstand the drought like Suaeda and Haloxylon plants. In addition to some annual weeds which grow during the rainy season, and because these plants are the main source for grazing in the western part of the study area. The occurrence of drought leads to deterioration of pastures and then the livestock exposure to danger (46) . Drought is also the most important causes of environmental degradation in the region (47) .
According to (48) , the periods of the eighties and nineties and the first five years of the twenty-first century are among the most drought periods impact on the Tihama Plain. The study reported that the vegetation, soil, and groundwater are the most affected factors by drought. While another study about desertification in a part of Tihama plain reported that the drought of the most important factors causing desertification and land degradation in the region (49) .
As could be noted above, it is obvious that Yemen including the study area have been suffering from frequent drought, and numerous of social, environmental and economic problems as a result of the low precipitation rates and frequent droughts. In contrast, there is no previous detailed study or sufficient information about the drought in Yemen in general and Tihama plain in particular. Thus, there is an urgent need to study the drought in Yemen, in order to fill such a gap.
The Study Area and Methodology

The Study Area
Tihama Plain is located on the western part of Yemen between latitude 12.5 -16.5 north of the Equator and between longitude 42.5 -43.5 east of Greenwich, and lies about 226 km of the capital city, Sana'a. The study area covers a total area of 25,314.93 km. Figure 1 shows the geographical location and the Tihama plain in the Yemen country. The study area is a corrugated flat plain with few steep slopes (less than one degree) slowly tilted in the direction of the sea. The high area starts from sea level in the west to a height of about 250 m in the east, except for some peaks and mountain ledges, which range in height between 400 m. The various morphologies and their heights affect the quantity of annual rainfall in the region, where the range of rainfall increases from about 50 mm at the coast in the west to more than 600 mm in the eastern parts, depending on the gradual rise of the surface area above sea level (48) . The surface of the study area is penetrated by watercourses in the most important main valleys in Yemen (Moore, Surdud, Rmaa, Zabid, and Siham) from east to west, which made this region the most important agricultural areas in Yemen.
The study area has an arid and semi-arid climate; the rainfall in the region is low generally ranging between 50-600 mm per year. This is due to its location within trough of the Red Sea as well as the low-level topography of the surface compared to the neighbouring mountain blocks. In addition, the rainfall fluctuates from year to year depending on the conditions of the various pressure systems over the land areas and the adjacent surface water bodies.
Based on yearly precipitation, the study area is divided into three rainfall regions; arid region (western part) where the average rainfall is between 50-200 mm per year, semi-arid region (middle part) the annual rainfall 200 -400 mm, and semi-wet region (eastern part) 400 -600 mm annually (48) . Rain falls almost every month, however, heavy rains fall in the months (July, August and September) because these months are the summer months, which represents the main rainfall season over most land in Yemen. For this, reason the highest quantity of rainfalls on the study area in the summer. As for temperatures, the ranging 37C in summer and 24C in winter (50) .
In this study, the NDVI index used to determine the changes of vegetation cover which was used to assess the drought. NDVI is one of the most important indicators available on a large scale. In addition, it is more reliable and used widely in monitoring and assessing droughts, at the same time, changes in sand dunes areas were also studied for the same purpose. The month of October was chosen each for 1985 and 2015 in order to assess the changes in the vegetation cover, because this month is considered as the growth month for vegetation. The same criterion was applied in order to assess changes in the sand dunes areas. The determination of changes in the green spaces and dunes areas in the satellite images was done using GIS software 10.2. The study then calculated the natural changes in the indicator and then classified the results to drought categories, based on the values obtained. Two environmental indicators of drought, vegetation and sand dunes were monitored in this study.
Vegetation
Vegetation cover is a very strong environmental indicator of drought due to the negative correlation between rainfall amount and duration on the one hand, and vegetation density on the other. To monitor and assess the vegetation of the area, multi-temporal remote sensing data was used. Landsat Thematic Mapper (TM5) of October 1985 and Landsat Operational Land Imager (OLI8) of October 2015 were downloaded from the official website of the United State Geological Survey (USGS) via the Earth Explorer. The choice of 1985 and 2015 images (See Appendices A and B) was due to the need to assess the condition of both vegetation and sand dunes between these two periods as they mark the beginning and the end of the study periods. However, due to the problem of data availability, and lack of cloud free images for 1990, 1995 and 2010, only, the 1985 and 2015 images were used. The images were then subjected to pre-processing such as band stacking, haze and noise removal and conversion of digital number (DN) to reflectance values (RV) with aid of Erdas Imagine 2014 version image processing software. Later, Normalised Difference Vegetation Index (NDNI) was com-puted for the 2 images to highlight the vegetation condition of the study area in 1985 and 2015.
NDVI is calculated using the formula:
Where: NIR = The amount of near infrared light reflected by the vegetation and captured by the satellite sensor. RED = The amount of red light in the visible spectrum that is reflected by the vegetation and captured by the satellite sensor.
Using Landsat 5 Image, NDVI is thus calculated as: While using Landsat 8 OLI image it is calculated as:
This is based on the fact that, healthy vegetation will absorb most of the visible light that falls on it, and reflects a large portion of the near-infrared light. Unhealthy or sparse vegetation reflects more visible light and less near-infrared light. Bare soils on the other hand reflect moderately in both the red and infrared portion of the electromagnetic spectrum. The NDVI algorithm subtracts the red reflectance values from the near-infrared and divides it by the sum of near-infrared and red bands. Theoretically, NDVI values are represented as a ratio ranging in value from -1 to 1 but in practice extreme negative values represent water, values around zero represent bare soil and values over 0.6 represent dense green vegetation. NDVI has been widely used to study changes in the spatial pattern of vegetation (51).
Sand Dunes
This is another environmental indicator of drought due to the positive correlation between rainfall amount and duration on one hand, and sand dune deposit on the other. The same images, Landsat Thematic Mapper (TM5) of October 1985 and Landsat Operational Land Imager (OLI8) of October 2015 were used in monitoring and assessing sand dune deposit in the study area. After the afore mentioned pre-processing, appropriate band combinations were used to discriminate and highlight sand dunes from other land cover types for visual observations. Green, near infrared and short wave infrared bands corresponding to bands 2, 4, and 7 for Landsat TM 5 and bands 3, 5, and 7 for Landsat OLI 8 were used. These bands show high reflective variability of desert surface and therefore easily highlight sand deposits. Later, colour composite images were produced and using enhancement techniques such as contrast stretching and spatial filtering spatial information contained in the two images were enhanced making it easy to identify dunes as they stand out clearer and brighter. On-screen digitizing of dune was then performed in ArcGIS 10.3 environment. A vector file was later created that contained the locations and number of digitized dunes. Subsequently, the vector file was used to create a continuous surface of dune density maps through interpolation in ArcGIS environment. This was later used to calculate relative percentage of dune deposit in each year. Figure 2 summarized the major steps involve in this research. 
Results and Findings
This research considers two basic environmental indicators of drought which are: Normalized Difference Vegetation Index (NDVI) and sand dune deposit to measure drought intensity in the area. This is due to the negative correlations that exist between NDVI and drought and a positive correlation between drought and sand dunes deposit (52).
Normalized Difference Vegetation Index (NDVI)
NDVI is one of the environmental indicators of drought due to the positive correlation between rainfall amount and duration on one hand, and the vegetation density on the other. That is, the higher the amount and duration of the rainfall in a particular area, the more dense the vegetation in that area would be. Table 1 and Figure 3 ).
Table1: Area (km) and percentage (%) of drought intensity using NDVI 
Sand Dunes
Sand dunes deposit is yet another environmental indicator of drought. This is due to the negative correlation that exists between rainfall and vegetation on one hand and sand dunes deposit on the other (52) . That is, the higher the amount and duration of rainfall, the more densely the vegetation cover will be, and thus, the lower the sand dunes deposit. On the other hand, areas with lower amount and shorter duration of rainfall, will in turn, have a relatively little or no vegetation cover, which also makes the soil more prone to erosion, transportation and deposition by the wind. This results in increased sand dunes deposit in the area. The result of this study shows that, there is a progressive increase in the area covered by sand dunes within the study period. During the year 1985, of the total of 25,314.93 square kilometres of land in the study area, only about 2,761.42 square kilometres, representing 11 percent was covered by the sand dunes. This has however, increased to 4,809.1 square kilometres representing 19 percent of the total land area in the year 2015. This means that, within the 30 years study period, the total land area covered by the sand dunes has expanded from 2,761.42 square kilometres in 1985 to 4,809.1 square kilometres in 2015 representing over 74 percent increase. This situation suggests that there is an increasing trend in the intensity of drought in the study area over this period (see Table 2 and Figure 4 ). 
Conclusion
The analysis of the above environmental indicators clearly depicts an increasing trend in the drought intensity in the study area. NDVI shows progressive decline in vegetation cover and gradual transition of areas from mild to moderate drought (64%) and from moderate to severe drought (26%). Within the study period, the area also recorded 74% increase in sand dunes deposit. These environmental indicators therefore confirm the assertion that, drought intensity is on the increase in the study area. Moreover, unless both the individuals put concerted effort and measures in place, as well government and private organisations to arrest this ugly trend, it will continue to pose a major threat and challenges to both food security and overall development of the country. Finally, it is recommended that, the government should seriously look into the drought issue through improving resource management practices and development of drought assessment and implementation unit to help minimize the adverse effects of drought. In doing this, concerned authorities should work closely with stakeholders who might be directly or indirectly affected by drought. Socio-economic data should also be taken into consideration when assessing drought risk to better understand the vulnerable groups.
